Neuroinflammation may play an important role in the development of alcohol addiction. Recent preclinical reports suggest that enhanced innate immune system signaling increases consumption of alcohol. Our aim was to study whether consequences of lipopolysaccharide (LPS)-induced sickness reaction increase long-term alcohol intake. Adult male C57BL/6J mice, housed in individually ventilated cages, were injected with LPS intraperitoneally (i.p.) and allowed to recover from an acute sickness reaction for 1 week before analysis of their alcohol intake in two different drinking models. Effects of LPS challenge were tested in a continuous two-bottle free choice test with increasing concentrations of alcohol and in a drinking in the dark (DID) binge model. In addition, the effect of repeatedly administered LPS during abstinence periods between binge drinking was analyzed in the DID model. In addition, the DID model was used to study the effects of the microglia inhibitor minocycline (50 mg/kg/day, 4 days) and purinergic P2X7 receptor antagonist Brilliant Blue G (75 mg/kg/day, 7 days) on alcohol intake. In contrast to previous findings, pretreatment with a 1-mg/kg dose of LPS did not significantly increase ethanol consumption in the continuous two-bottle choice test. As a novel finding, we report that increasing the LPS dose to 1.5 mg/kg reduced consumption of 18 and 21% (v/v) ethanol. In the DID model, pretreatment with LPS (0.2e1.5 mg/kg) did not significantly alter 15% or 20% ethanol consumption. Neither did repeated LPS injections affect binge alcohol drinking. Minocycline reduced alcohol, but also water, intake regardless of LPS pretreatment. No data on effects of P2X7 antagonists on alcohol consumption have been previously published; therefore, we report here that subchronic Brilliant Blue G had no effect on alcohol intake in the DID model. As a conclusion, further studies are needed to validate this LPS model of the interaction between immune system activation and alcohol consumption.
Introduction
Increased expression of innate immune signaling molecules may play an important role in the development of alcohol addiction as well as in the neuropathological problems caused by chronic alcohol use (Crews, Zou, & Qin, 2011; Hutchinson & Watkins, 2014) . Increasing evidence, gathered from both rodent models and post mortem human studies, indicates that chronic high-dose alcohol exposure increases, through high-mobility group box 1 (HMGB1) and Toll-like receptor 4 (TLR4) signaling and nuclear factor-kappa B (NF-kB) activation, brain expression of proinflammatory cytokines, including tumor necrosis factor-a (TNFa), interleukin (IL)-1b, IL-6, and chemokine monocyte chemotactic protein-1 (MCP-1), as well as oxidases and proteases (reviewed in Crews et al., 2015) . However, less is known about what role this neuroinflammation plays in regulation of alcohol consumption, reward, and alcohol addiction.
Several immune system molecules are linked to regulation of alcohol drinking in rodent models (Harris & Blednov, 2013) . For example, genetic deletions of various immune signaling molecules reduced alcohol consumption in knockout mice (Blednov et al., 2012) . Mice overexpressing IL-6 showed increased alcohol preference (Harris & Blednov, 2013) , and an infusion of an IL-1 receptor antagonist into the mouse basolateral amygdala reduced alcohol intake (Marshall et al., 2016) . Moreover, decreasing abnormally high expression of TLR4 or MCP-1 in the central amygdala or ventral tegmental area reduced alcohol self-administration in alcohol-preferring P rats (June et al., 2015) . The role of immune signaling in regulation of alcohol consumption in humans is suggested by genetic studies showing that polymorphisms of NF-kB subunits, IL1b and IL10 are associated with susceptibility to alcoholism (Edenberg et al., 2008; Marcos, Pastor, Gonz alez-Sarmiento, & Laso, 2008; Pastor, Laso, Romero, & Gonz alez-Sarmiento, 2005) . Additionally, variants of a purinergic P2X7 receptor gene have been linked to alcoholism with co-morbid mood and anxiety disorders (Mantere et al., 2012; Soronen et al., 2011) . Moreover, Leclercq and others found that in non-cirrhotic alcoholics, increased intestinal permeability and blood cytokine levels correlated with alcohol craving scores (Leclercq et al., 2012 (Leclercq et al., , 2014 . Enhanced gut permeability also led to the increased levels of blood lipopolysaccharide (LPS) in alcohol-dependent subjects.
Systemic administration of LPS, an endotoxin from gramnegative bacteria, elicits an innate immune response in the periphery and central nervous system, which has been widely used to study the role of immune signaling in depression, and has been used at high doses to model consequences of sepsis in animals (Dantzer, O'Connor, Freund, Johnson, & Kelley, 2008; Hoogland, Houbolt, van Westerloo, van Gool, & van de Beek, 2015) . An acute sickness reaction induced by LPS is characterized by endocrine, autonomic, and behavioral changes including reduced locomotor activity, reduced food and water intake, social withdrawal, and anhedonia. Although these typical behavioral symptoms last one or two days, neuroinflammation and its consequences on neuronal functions appear to persist in the brain longer. For example, moderate doses of LPS (0.3e3 mg/kg, i.p.) produced increases in TNFa, MCP-1, and IL-1b levels in the mouse brain, which lasted at least 1 week (Qin et al., 2008) . Moreover, Blednov and others (2011) have shown that pretreatment with LPS (1 mg/kg, i.p.) enhanced alcohol consumption 1 week later in mice.
Our aim here was to utilize the model of enhanced alcohol intake by pretreatment with LPS described earlier (Blednov et al., 2011) , in search for an in vivo test for studies of interactions between inflammation and alcohol consumption. Because we did not observe the expected enhancement of alcohol drinking in the continuous two-bottle choice model, we next tested the putative effects of LPS challenge in the drinking in the dark (DID) binge model. Finally, although alcohol consumption was not enhanced after LPS treatments, the capacity of two drugs known to modulate neuroinflammation (the microglia inhibitor minocycline and the purinergic P2X7 receptor antagonist Brilliant Blue G) was also tested in the DID model.
Materials and methods

Animals
Male C57Black/6J (Jax ® ) mice were purchased via Scanbur (a distributor of Charles River, Germany) and transferred at least 2 weeks before experimentation to the animal facility (specific pathogen-free) of the University of Helsinki. Mice were housed in individually ventilated cages (Greenline, Tecniplast, Italy; polysulfone cage, polysulfone/stainless-steel grid top) lined with aspen chip bedding under 12:12-h light:dark cycles (lights on from 6:00 a.m. to 6:00 p.m., unless otherwise noted), at 21e23 C and a relative humidity of 45 ± 10%, and received standard rodent pellets (Harlan Teklad 2918, Envigo, Madison, WI, USA) and tap water ad libitum (unless otherwise noted). The cages were equipped with a wood block (aspen, 1 Â 1 Â 5 cm) and four sheets (6 Â 6 cm) of thin tissue paper (cellulose wadding) as enrichment, which were changed once every 2 weeks at the same time as cages were changed, and scheduled on days when alcohol drinking was not analyzed. The numbers of animals used in the treatment groups are shown in the figures. All efforts were made to minimize animal suffering and reduce the number of animals used. All animal procedures were approved by the Southern Finland Provincial Government.
Drugs
LPS (E. coli strain 0111:B4, L4391) was obtained from Sigma (St. Louis, MO, USA). Minocycline hydrochloride and Brilliant Blue G were obtained from Abcam (Cambridge, UK). All drugs were freshly dissolved in pyrogen-free, sterile saline. The pH of minocycline hydrochloride solution was adjusted close to 7 with sodium hydroxide. All other drugs were administered (i.p.) at a volume of 10 mL/kg, except minocycline, which was injected (i.p.) at a volume of 20 mL/kg. For alcohol drinking, ethanol (96% v/v, GPR Rectapur, VWR Chemicals, France) was diluted with tap water into 3e21% (v/v) concentrations.
LPS treatment and recovery
Mice were housed in single cages before LPS pretreatments, which were given at the age of 12 weeks, except in the second continuous two-bottle choice test, when the mice were 7 weeks old, and during repeated LPS injections when the mice were 18e22 weeks old. LPS doses (i.p.) were in the continuous two-bottle choice model at 1e1.5 mg/kg and in the DID models at 0.2e1.5 mg/kg. Body weights and water consumption were monitored daily a few days before LPS and during the recovery period; otherwise, the mice were let undisturbed. Alcohol drinking was started 7 days after LPS injections in other experiments, except when testing the effects of repeated LPS injections, when alcohol drinking was started 4 days after LPS.
LPS pretreatment in the continuous two-bottle choice drinking model
The continuous 24-h two-bottle choice drinking model was performed essentially as described earlier (Blednov et al., 2011) . Mice were single-housed in larger individually ventilated cages (30 Â 30 Â 17 cm) with two holes on the top for placement of drinking bottles or tubes. A water bottle was replaced by a water tube 3 days before LPS treatment. Tubes were used thereafter. Both water and ethanol were delivered from graduated 20-mL tubes affixed to double-ball bearing metal sippers. The position of ethanol and water tubes were changed daily after reading the volume at approximately 4 h after lights were turned on. Tap water was always available.
A single LPS injection (1e1.5 mg/kg) was given in the morning (between 9:00 and 11:00 a.m.). Alcohol drinking was started 1 week after LPS treatment, first at 3% concentration that was available for 2 days, after which increasing concentrations (6%, 9%, 12%, 15%, 18%, and 21%) were offered each for 48 h during a 14-day period. Mice were weighed every other day. After a 1-week alcohol deprivation period, the same drinking procedure was repeated twice. The volume measurement was done by reading from the graduated scale on the drinking tube to the nearest 0.2 mL. Estimates of spillage and evaporation obtained from water and ethanol control tubes, placed in the empty cages, were subtracted from daily ethanol and water intakes. A final daily intake (g/kg/ 24 h) was a mean of 2 days.
LPS pretreatment in the binge-drinking model (DID 15% ethanol)
The limited-access binge drinking model was adapted from a DID procedure described earlier (Rhodes, Best, Belknap, Finn, & Crabbe, 2005) . Mice were single-housed in small individually ventilated cages (16 Â 30 Â 12 cm, with one hole on the top for a drinking bottle/tube) and habituated to a reversed light cycle (lights off from 7:00 a.m. to 7:00 p.m.) 2 weeks before LPS treatment. A single LPS injection (0.2e1.5 mg/kg, details of dosing in different batches, see below) was given between 9:00 and 11:00 a.m. Body weight and water consumption were measured daily during a 1-week recovery period. Water consumption was measured by weighing water bottles to the nearest 0.1 g, because drinking tubes were used only for DID measurements. After recovery, the DID procedure was begun, and a water bottle was replaced by a 10-mL tube affixed to a double ball-bearing metal sipper and containing 15% ethanol, 3 h after lights were turned off (dim red light was always on). For the first drinking week, the mice had access to alcohol for 2 h during the first 3 days and access for 4 h on the fourth day, followed by a 3-day break. The next week was similar, but on the third week and always thereafter mice had access to alcohol for 4 h on each drinking day. This 7-day DID procedure was continued for several weeks (see Fig. 1 for a study design). The volume of consumed ethanol was recorded at 2-h and 4-h time points by reading from the graduated scale on the drinking tube to the nearest 0.1 mL. The amount of consumed water during the rest of the day (approximately 19 h) was recorded by weighing the water bottles. Liquid measurements were corrected for leakage and evaporation based on control tubes/bottles in the empty cages.
Drug effects on alcohol intake in the binge drinking model (DID 15% ethanol)
The effects of minocycline and Brilliant Blue G on alcohol consumption were analyzed in the mice which were pretreated with saline or LPS, and then had access to alcohol during several DID weeks, as indicated in Fig. 1 . Before minocycline treatment the mice had had access to 15% alcohol for three DID weeks (Fig. 1A) . Minocycline (50 mg/kg, i.p.) or vehicle was administered repeatedly for 4 days, always 20 h before access to alcohol. Dosing was based on earlier reports (Agrawal, Hewetson, George, Syapin, & Bergeson, 2011; Agrawal et al., 2014) . In a separate batch of mice also having had access to 15% ethanol for three DID weeks, the effect of the same minocycline treatment procedure was analyzed on 4-h water consumption (Fig. 1B) .
Brilliant Blue G (75 mg/kg, i.p.) was administered daily for 7 days, 3 days before the next DID period and 4 days during DID testing when injections were 1 h before access to alcohol (Fig. 1C) . Dosing was based on previous behavioral effects of Brilliant Blue G in mice (Cs€ olle et al., 2013) . 
Repeated dosing of LPS in the binge drinking model (DID 20% ethanol)
To study the effect of LPS on mice which were already exposed to LPS and alcohol, the mice were first pretreated with saline or LPS (1 mg/kg, at the age of 12 weeks), allowed to consume 20% ethanol during five DID periods (DID procedure as described above), then a low dose of LPS (0.2 mg/kg, at the age of 18 weeks) was administered 24 h after the last drinking period, and the DID procedure was started again after a 4-day recovery period when the body weight and water consumption were normalized. After 2 weeks, this procedure was repeated two times with a higher dose of LPS (0.5 mg/kg) (Fig. 1D) .
Statistical testing
Statistical analyses of the data were carried out using one-way ANOVA, two-way ANOVA, and two-way repeated-measures ANOVA (RM ANOVA), followed by Bonferroni post hoc test or Student's t-test with the statistical software packages IBM SPSS (version 21, IBM Corp., Armonk, NY, USA) and PRISM 5.0 (GraphPad Software Inc., La Jolla, CA, USA). Statistical significance was set at p < 0.05. Data are expressed as mean ± standard error of the mean (SEM).
Results
Alcohol intake in the continuous two-bottle choice drinking model after LPS pretreatment
As expected, systemic LPS produced a sickness reaction that lasted several days. In the 12-week-old mice, both doses of LPS (1 and 1.5 mg/kg) caused a significant weight loss of approximately 12% and an almost complete cessation in water intake 1 day after injections ( Fig. 2A and B) . The mice treated with either dose regained their body weights, and the percent of pre-LPS body weights reached the level of the controls 6 days after LPS ( Fig. 2A ; treatment, F (2,182) ¼ 39.5, p < 0.001; day Â treatment interaction, F (14,182) ¼ 36.6, p < 0.001, two-way RM ANOVA). However, absolute body weights (in grams) of the mice treated with the 1.5-mg/kg dose of LPS remained significantly lower than the controls until the end of the first drinking test, probably due to slightly lower pre-LPS body weights (Supporting Table S1 ). Water intake was significantly lower only on the first day after LPS. On the third day, the mice treated with 1 mg/kg LPS consumed significantly more water than the saline group. Thereafter, water intake did not differ ( Fig. 2B ; day Â treatment interaction, F (14,182) ¼ 22.4, p < 0.001).
After a 1-week recovery, alcohol consumption was studied in three 2-week drinking tests (Fig. 2CeF) . During the first 2 weeks, the pretreatment with LPS significantly affected alcohol intake (treatment effect, F (2,26) ¼ 7.8, p < 0.01; concentration Â treatment interaction, F (12,156) ¼ 2.0, p < 0.05). The higher 1.5-mg/kg dose significantly reduced alcohol intake compared to the mice treated with saline or 1-mg/kg dose (Fig. 2C) . Pretreatment with 1-mg/kg LPS did not alter alcohol consumption at any concentration compared with the saline group. The mice treated with 1.5-mg/kg LPS preferred alcohol less than the other two groups (treatment effect, F (2,26) ¼ 4.1, p < 0.05). This was evident at the concentrations of 9% and 12% when compared with the 1-mg/kg LPS-treated mice (Fig. 2D) . After a 1-week deprivation period, the pretreatment with LPS did not significantly affect consumption of alcohol, which was lower overall than in the first drinking test (Fig. 2E) . The alcohol drinking levels did not differ between treatment groups in the third test, which was performed again after a 1-week deprivation (Fig. 2F) .
Additionally, younger, 7-week-old mice were treated with LPS (1 mg/kg) to test whether they would show the hypothesized enhancing effect on alcohol drinking. The mice recovered from the acute LPS reaction essentially similarly (Supporting Table S2 ) to the 12-week-old mice. LPS did not alter significantly alcohol intake, although there was a slight, but non-significant, reduction at the highest ethanol concentrations (Fig. 3A) . Alcohol preference was affected by LPS pretreatment, depending on the concentration (concentration Â treatment interaction, F (6,96) ¼ 2.5, p < 0.05; no treatment effect, two-way RM ANOVA). However, post hoc tests did not indicate any specific difference between treatment groups (Fig. 3B) . The pretreatment with LPS did not significantly affect consumption of alcohol in the second or third test both performed after 1 week of deprivation (data not shown).
Alcohol intake in the binge-drinking model (DID 15% ethanol) after LPS pretreatment and minocycline treatment
The effect of LPS pretreatment was also analyzed in a binge alcohol-drinking model, first using 15% (v/v) ethanol. As before, LPS produced a sickness reaction that lasted several days. The percent of pre-LPS body weights were significantly lower for 3e6 days in the LPS groups compared to the saline group (Supporting Table S3 ). After the first DID period (11 days after LPS), the body weight values did not differ between treatment groups. Water intake was significantly lower on the first day after all doses of LPS and 48 h after the highest LPS dose. Thereafter, water intake did not differ from the saline-treated mice (Supporting Table S3 ). After 1 week of recovery, consumption of alcohol was analyzed in the DID model, first for 3 weeks without any drug treatments (Fig. 1A) . LPS pretreatment did not affect 15% alcohol intake during this period (DID1-DID3, twoway RM ANOVA) (Fig. 4A) .
To analyze the sensitivity of LPS-treated mice to the effects of minocycline, the mice from different pretreatment groups were balanced by alcohol intake and body weights to vehicle and minocycline treatment groups. Minocycline (50 mg/kg) injections were given for 4 days, always 20 h before access to alcohol (see Fig. 1A for a study design). Minocycline treatment significantly reduced alcohol intake, regardless of LPS pretreatment ( Fig. 4B ; minocycline treatment, F (1,24) ¼ 8.3, p < 0.01; no LPS pretreatment effect or interaction, two-way ANOVA). However, we found that daily (19 h) water intake during minocycline treatment days was also reduced ( Fig. 4C ; minocycline treatment, F (1,24) ¼ 5.6, p < 0.05; no LPS pretreatment effect or interaction). In addition, minocycline treatment slightly prevented the body weight gain calculated as the percent of pre-minocycline weight during DID4 regardless of LPS pretreatment (Supporting Table S3 ; F (1,24) ¼ 4.5, p < 0.05), and this difference was significant also in the end of DID5 (F (1,24) ¼ 11.3, p < 0.01). No significant reduction of alcohol intake by the previous minocycline treatment was observed during DID5, which was started 4 days after the last minocycline injection (data not shown). Additionally, daily water intake did not differ during DID5 (data not shown).
Because minocycline reduced daily (19 h) water intake, we analyzed whether minocycline would also reduce water intake at those time points when it reduced alcohol consumption, to clarify whether its actions on binge alcohol drinking could be separated from nonspecific effects on daily water intake. A separate batch of mice were pretreated with saline or 1 mg/kg LPS (Supporting Table S3 ) and exposed to a 3-week DID procedure with 15% ethanol before minocycline treatment (see Fig. 1B for a study design) . Pretreatment with LPS did not significantly affect alcohol intake during these DID1-3 (two-way RM ANOVA; Fig. 4D ). The 4-day minocycline (50 mg/kg/day), administered always 20 h before 4-h analysis of water consumption during the fourth DID week, did not LPS treatment (1 and 1.5 mg/kg, i.p.) caused a weight loss and decrease in water intake; the latter was compensated by a transient increase. (C) During the first drinking period, the mice pretreated with the 1.5-mg/kg dose of LPS consumed significantly less high concentrations of ethanol (EtOH, 18 and 21%) than the saline-treated mice, and also less 12%, 18%, and 21% ethanol than the 1-mg/kg LPS-treated mice, which did not differ from the saline-treated mice. (D) During the first drinking period, the mice pretreated with 1.5 mg/kg LPS preferred alcohol less than the other groups; however, this difference was significant only when compared with the 1-mg/kg LPS-treated mice. (EeF) During the second and third drinking periods, LPS pretreatments had no significant effect on alcohol intake. significantly affect water intake (Fig. 4E , no minocycline or LPS effect in two-way ANOVA). However, a significant reduction in 19-h water intake was observed (minocycline treatment, F (1,16) ¼ 5.9, p < 0.05, Fig. 4F ) as in our earlier experiment (Fig. 4C ). Body weight changes during minocycline treatment did not differ between the saline and minocycline treatment groups in this cohort of mice (Supporting Table S3 ). No significant reduction of alcohol intake by previous minocycline was observed 4 days after the last minocycline injection during DID5, neither did daily water intake differ during DID5 (data not shown).
Alcohol intake in the binge drinking model (DID 15% ethanol) after Brilliant Blue G treatment
The effect of Brilliant Blue G (75 mg/kg/day for 7 days) on alcohol intake was analyzed during the fourth week of DID (Fig. 1C) in a separate cohort of mice, which were pretreated with either saline or LPS (0.2, 0.5, and 1 mg/kg). These mice showed similar sickness reactions as in the previous experiments (Supporting Table S4 ), and again displayed no effect of LPS on alcohol intake in 3-week DID (data not shown). Immediately after DID3, the mice were balanced by alcohol intake to vehicle and Brilliant Blue G treatment groups, and the 7-day treatment was begun. Intake measurements during DID4 indicated that neither Brilliant Blue G treatment nor the pretreatment with LPS affected 2-h (data not shown) or 4-h ethanol intake ( Fig. 5 ; two-way ANOVA). The body weights were not affected by Brilliant Blue G (Supporting Table S4 ).
Alcohol intake in the binge drinking model (DID 20% ethanol) after LPS treatments
As the pretreatments with LPS had no effect on 15% ethanol intake, we next analyzed whether LPS treatment might alter drinking of a higher 20% ethanol concentration, and whether repeated LPS challenges between drinking periods had any effect (see Fig. 1D for a study design) . The mice were pretreated with either saline or LPS, allowed to recover from the acute sickness reaction (Supporting Tables S5 and S6 ) and then tested first in the DID procedure for 5 weeks, after which LPS injections between drinking periods were given. LPS pretreatment (1 mg/kg) did not significantly alter 2-h or 4-h 20% ethanol consumption during DID1-5 (two-way RM ANOVA, Fig. 6A ). Since the LPS-treated mice appeared to drink slightly more than the saline-treated mice during DID3 and DID4 (Fig. 6A, days 15e25 ), these values were tested separately. However, this observation was not statistically significant.
Next, half of the saline-and LPS-pretreated mice were repeatedly treated with low doses of LPS (first 0.2 mg/kg, then twice with 0.5 mg/kg). After each LPS injection, the mice were allowed to recover for 4 days before the next DID testing, at which point their water drinking and body weights in grams did not differ from the saline-saline group (Supporting Tables S5 and S6 ). After the first and second repeated LPS injections, the percent of pre-LPS body weight values still slightly differed from that of the saline-saline group during the next DID period (Supporting Table S5 ).
Although there appeared to be a trend of an increased alcohol intake after the first 0.5-mg/kg dose during DID8 and DID9, and especially after the second 0.5-mg/kg dose during DID10, the 4-day mean of 4-h alcohol intake did not differ significantly between the treatment groups during these drinking periods ( Fig. 6B ; no pretreatment effect, no repeated treatment effect, no interaction, twoway ANOVA). Neither did the 2-h alcohol intake differ between treatment groups during the same drinking periods (data not shown).
Discussion
In the search for a method to study the consequences of neuroinflammation in regulation of alcohol consumption, we tested the model of increased alcohol intake after an LPS-induced sickness reaction (Blednov et al., 2011) . However, we did not see significant increases in the alcohol intake or preference after LPS (1 mg/kg) pretreatment in the continuous two-bottle choice drinking test, although a slight tendency toward that direction was observed. In contrast, the higher dose of LPS (1.5 mg/kg) significantly reduced alcohol intake at 18% and 21% concentrations. In the DID binge drinking model, pretreatment with LPS (0.2e1.5 mg/kg) or repeated LPS injections between DID periods did not affect alcohol (15% or 20%) intake. Minocycline reduced alcohol intake, but water consumption also was reduced. Finally, neither did the pretreatment with LPS alter the effect of minocycline or sensitize the mice to Brilliant Blue G, which had no effect on binge alcohol intake.
To our knowledge, there are no earlier reports on alcohol drinking behavior of mice housed in individually ventilated cages. The alcohol intakes in our DID studies were at approximately 2 g/kg in 2 h and 3.5 g/kg in 4 h (15% and 20% ethanol), which are lower than what has been reported for C57BL/6 males, which are often 4.5e6 g/kg/4 h in conventional cages (e.g., Cox et al., 2013; Hwa, Kalinichev, Haddouk, Poli, & Miczek, 2014; Marshall et al., 2016; Nuutinen et al., 2011) . Due to LPS pretreatments, the first DID cycle was started when the mice were 13 weeks old, thus they were a few weeks older than mice that are usually used for the DID model. However, also naïve C57BL/6J males, which were 8 weeks old when DID started, showed only slightly higher drinking levels (20% ethanol during the second DID cycle: 2-h intake 2.4 ± 0.14 g/kg; 4-h intake on the fourth day: 4.2 ± 0.25 g/kg, mean ± SEM, n ¼ 16, unpublished observation A-M Linden). Thus, the use of individually ventilated cages appears to produce slightly lower intake levels in the DID model, although in the continuous two-bottle choice model the levels of consumed alcohol or preference were comparable to those described for C57BL/6 mice in conventional cages (e.g., Blednov et al., 2011; Nuutinen et al., 2011) . Other factors that might explain the low levels of alcohol consumption include epigenetic modifications derived from different breeding/housing conditions or the enrichment that was used in the cages throughout the experiments (see below).
Although the pretreatment with LPS (0.2e1.5 mg/kg) did not significantly increase alcohol intake in any conditions used here, our finding that the 1.5-mg/kg dose of LPS reduced alcohol intake in the continuous two-bottle choice test indicates that the doses were adequate and the highest possible. In the binge DID model, the 1.5-mg/kg dose of LPS did not reduce alcohol intake, suggesting that the observed decrease is related to those traits the two-bottle choice test is more sensitive to measure, such as changes in taste perception or aversion of alcohol solutions in a situation when there is always also water available.
The lack of an expected LPS effect is somewhat surprising, as the acute sickness reaction after LPS administration was evident and essentially similar in our mice as described by Blednov et al. (2011) , with approximately 10e12% weight loss 24 h after LPS, and an almost complete cessation of water intake for 24 h after LPS. In addition, alcohol intake and preference of control mice were at a similar level to what was reported by Blednov et al. (2011) for male C57BL/6J mice. Although these parameters were closely similar, many factors, including microbiological status of animals, rodent diet used (Marshall et al., 2015) , and our use of individually ventilated cages can modulate consequences of LPS challenge, producing the lack of expected enhancing effect on alcohol intake. For example, a recent study indicates a strong impact of microbiological status of animal husbandry on the mouse immune system (Beura et al., 2016) . In addition, environmental enrichment affects many reward-related behaviors and specifically, it has been shown to reduce stress-induced alcohol consumption in mice (Bahi, 2017; Marianno, Abrahao, & Camarini, 2017) . Thus, it is possible that the enrichment we used contributes to the contrasting results. Additionally, epigenetic factors derived from unidentified differences in breeding and housing conditions might contribute to the different outcome in our studies (Wolstenholme et al., 2011) . Finally, as alcohol consumption in mice depends strongly on the genetic background (Crabbe, Phillips, & Belknap, 2010) , it is possible that C57BL/6J mice obtained at different times and from different providers differ in their sensitivity for modulatory actions of LPS pretreatment due to a genetic drift (although see Wahlsten, Bachmanov, Finn, & Crabbe, 2006) . However, Blednov et al. (2011) were able to demonstrate the efficacy of LPS pretreatment in increasing alcohol consumption also in the hybrid strains FVBxB6F1 and NZBxB6F1, at least in females. Thus, their observation was not dependent on the genetic background of C57BL/6J.
It was not shown which component in the LPS-induced inflammation mediates the increased alcohol intake observed by Blednov et al. (2011) . Thus, we did not analyze brain cytokine or chemokine levels or microglia activation after LPS, as it is not known what alterations in the brain actually mediate the reported LPS-induced changes in alcohol intake. There could also be persistent changes in neuronal functions when the initial immune challenge has faded away. Nevertheless, an obvious weakness of our report is the unknown level of neuroinflammation produced by LPS immediately after treatment and during the analysis of alcohol drinking.
While waiting for the reports from other laboratories on utilizing the model, it appears that the influence of the LPS challenge on alcohol consumption is dependent on currently unknown conditions, rendering the model susceptible to inter-laboratory differences. Consistent with our findings, a very recent study indicated that LPS challenge did not increase alcohol self-administration 1 or 2 weeks later in rats (Harris et al., 2016) .
Since pretreatment did not alter alcohol intake in the DID model, we gave repeated LPS injections between DID cycles in order to test whether LPS would promote alcohol intake during the following DID cycles, for example, due to enhanced withdrawal reactions. Alcohol intake was analyzed after the recovery period when the water consumption had normalized to the level of control animals. This treatment did not significantly affect alcohol intake, although there was a trend of an increase during DID10 in the group of mice which had received LPS before the DID procedure and also between the DID cycles. Comparison of water consumption and body weights after repeated LPS injections suggests formation of some tolerance to the sickness reaction, which is consistent with previous reports (Banasikowski, Cloutier, Ossenkopp, & Kavaliers, 2015; Engeland, Nielsen, Kavaliers, & Ossenkopp, 2001 ). Thus, it is possible that higher repeated LPS doses might have produced clearer effects on alcohol intake, but this remains to be studied.
Several different drugs modulating brain immune signaling have been shown to affect alcohol consumption (reviewed in Ray, Roche, Heinzerling, & Shoptaw, 2014) . As these effects have been seen on basal alcohol intake, we decided to test two drugs known to target immune signaling molecules, in a search for other tools to study hypothesized interaction between neuroinflammation and alcohol consumption, even though an LPS challenge did not increase alcohol intake. First, we tested the effect of minocycline, which has been shown to suppress microglia activation in the brain (Henry et al., 2008; Taylor et al., 2015) , but could also have many other targets (M€ oller et al., 2016) . Repeated treatment with minocycline reduced alcohol intake in our DID model, consistent with previous findings (Agrawal et al., 2014 (Agrawal et al., , 2011 McIver, Muccigrosso, & Haydon, 2012) . No difference in response to minocycline between the saline-and LPS-pretreated mice was observed. However, we observed that the use of minocycline is problematic in studies of alcohol consumption, given its property to reduce water intake also, consistent with previous findings (Henry et al., 2008 ) and a very recent report testing several tetracyclines for further development of pharmacological treatments of alcohol-use disorder (Syapin et al., 2016) .
Brilliant Blue G is an antagonist of the ATP-dependent P2X7 receptors, which are linked to inflammatory responses in the central nervous system and also many neurologic and psychiatric disorders (Sperl agh & Illes, 2014) . We show here that subchronic treatment with Brilliant Blue G has no effect on alcohol intake in the DID model, suggesting that the P2X7 receptors are not important in the regulation of binge-type alcohol consumption. Similar dosing of Brilliant Blue G that we used has displayed central effects in producing antidepressant-like effects and attenuation of amphetamine-induced hyperactivity in mice (Cs€ olle et al., 2013) and in prolonging latency to seizures (Fischer et al., 2016) . Thus, at least a partial blockade of the P2X7 receptors is expected. However, further studies utilizing other centrally active antagonists are needed to clarify whether P2X7 receptors play a role in regulation of alcohol drinking.
In conclusion, the LPS-induced sickness reaction does not consistently produce changes in brain functions that would enhance alcohol intake. Thus, our findings indicate that this LPS model is sensitive to factors difficult to control. Therefore, further studies are needed to develop this model, so it could become useful in studies of mechanisms underlying interactions between alcohol consumption and inflammation. Altogether, there is a clear need for animal models to analyze the role of neuroinflammation in alcohol abuse.
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The study was supported by the Finnish Foundation for Alcohol Studies and Yrj€ o Jahnsson Foundation. We have no conflicts of interest to declare. The funders had no role in study design, data collection and analysis, preparation of the manuscript, or decision to publish. 20% ethanol (EtOH) consumption in the DID model. After 1-week recovery, the mice had access to alcohol for 2 h (Days 1, 2, 3, 8, 9, and 10) or 4 h (Days 4 and 11) during the first two DID weeks (DID1e2). Thereafter, access was always for 4 h on drinking days. (B) 4-h alcohol intake shown as a mean of 4 days during each testing period (DID5e11). Arrows indicate repeated LPS injections given between DID periods (LPS-re). No significant difference (two-way ANOVA) was found between treatment groups in any DID periods after the repeated LPS injections. Sal, saline.
